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COMPOSITIONS AND METHODS FOR REDUCING THE VISCOSITY OF A FLUID 

Cross-Reference to Related Applications 

[001] This application is a continuation-in-part of U.S. Application Serial No. 
10/254,268 filed on September 25, 2002 which was itself a divisional of U.S. Application Serial 
No. 09/879,634 filed on June 11, 2001 and issued on December 3, 2002 as U.S. Patent Serial No. 
6,488,091. 

Background of the Invention 

1. Field of the Invention 

[002] The present invention relates to methods and compositions for treating 
subterranean well formations, and more specifically, to improved methods and compositions for 
reducing the viscosity of subterranean servicing fluids where the servicing fluid has been 
crosslinked to increase its viscosity. 

2. Description of the Prior Art 

[003] A variety of viscosified servicing fluids are used in subterranean applications, 
such as drilling fluids, fracturing fluids and gravel delivery fluids. Oftentimes, after the 
viscosified fluid has performed its desired task, it is necessary to reduce the viscosity so that the 
servicing fluid can be removed from the formation. 

[004] Fracturing operations commonly employ viscosified fluids to suspend propping 
particles. Fracturing generally involves pumping a viscous fracturing fluid into a subterranean 
formation at sufficient hydraulic pressure to create one or more cracks or "fractures." The 
fracturing fluid must generally be viscous enough to suspend proppant particles that are placed in 
the fractures to hold the fracture open once the hydraulic pressure is released. Once at least one 
fracture is created and the proppant is substantially in place, the viscosity of the fracturing fluid 
is reduced and it is removed from the formation. 

[005] Similarly, sand control operations, such as gravel packing, use viscosified 
transport fluids to suspend gravel particles for delivery to an area in a well bore with 
unconsolidated or weakly consolidated particulates. One common type of gravel packing 
operation involves placing a gravel pack screen in the well bore and packing the annulus 
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between the screen and the well bore with gravel of a specific size designed to prevent the 
passage of formation sand. The gravel pack screen is generally a filter assembly used to retain 
the gravel placed during gravel pack operation. A wide range of sizes and screen configurations 
are available to suit the characteristics of the gravel pack sand used. Similarly, a wide range of 
sizes of gravel is available to suit the characteristics of the unconsolidated or poorly consolidated 
particulates in the subterranean formation. The resulting structure presents a barrier to migrating 
sand from the formation while still permitting fluid flow. When installing the gravel pack, the 
gravel is carried to the formation in the form of a slurry by mixing the gravel with a transport 
fluid. Gravel packs act, inter alia, to stabilize the formation while causing minimal impairment 
to well productivity. The gravel, inter alia, acts to prevent the particulates from occluding the 
screen or migrating with the produced fluids, and the screen, inter alia, acts to prevent the gravel 
from entering the production tubing. Once the gravel pack is substantially in place, the viscosity 
of the transport fluid is reduced to allow it to be efficiently removed from the well bore. 

[006] Often, the viscosity of a servicing fluid is related to that fluid's pH. Thus, 
viscosity-reducing agents that reduce the pH of the servicing fluid may be added to reduce the 
viscosity of the fluid. To achieve that goal, gelled and cross-linked servicing fluids typically 
include internal delayed viscosity reducers such enzyme, oxidizing, acid, or temperature- 
activated viscosity reducers. However, these viscosity reducers may result in incomplete or 
premature viscosity reduction. Premature viscosity reduction can decrease the number and/or 
length of the fractures, and thus, can decrease the sought-after production-enhancing effects. 
Similarly, premature viscosity reduction of a gravel pack transport fluid may result in improper 
placement of the pack or insufficient packing of the gravel. 

[007] As an alternative to adding a viscosity-reducing agent to the servicing fluid, 
viscosity reduction may also be accomplished under the effect of time and temperature, as the 
viscosity of most servicing fluids will reduce naturally if given enough time and at a sufficient 
temperature. However, it is highly desirable to return the well back to production as quickly as 
possible and waiting for the viscosity of a servicing fluid to naturally decrease over time is 
generally unacceptable. 
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SUMMARY OF THE INVENTION 

[008] The present invention relates to methods and compositions for treating 
subterranean well formations, and more specifically, to improved methods and compositions for 
reducing the viscosity of subterranean servicing fluids where the servicing fluid has been cross- 
linked to increase its viscosity. 

[009] One embodiment of the present invention provides a method of reducing the pH 
of a servicing fluid comprising the steps of providing a crosslinked, viscous servicing fluid; 
adding an acid-releasing degradable material to the servicing fluid; allowing the acid-releasing 
degradable material to produce an acid; and allowing the servicing fluid's pH to reduce. 

[010] Another embodiment of the present invention provides a servicing fluid 
composition comprising a crosslinked, viscous fracturing fluid and an acid-releasing degradable 
material. 

[011] The objects, features and advantages of the present invention will be readily 
apparent to those skilled in the art upon a reading of the description of the preferred 
embodiments which follows. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

[012] The present invention relates to methods and compositions for treating 
subterranean well formations, and more specifically, to improved methods and compositions for 
reducing the viscosity of subterranean servicing fluids where the servicing fluid has been cross- 
linked to increase its viscosity. 

[013] The compositions of the present invention comprise acid-releasing degradable 
materials that react over time to produce an acid. In certain embodiments, the acid-releasing 
degradable materials of the present invention are added to a cross-linked servicing fluid that 
undergoes a reduction in viscosity when its pH is lowered. Moreover, in some embodiments the 
acid-releasing degradable materials act at a delayed rate to produce an acid and, in turn, cause a 
controlled reduction of the viscosity of the servicing fluid. 

[014] Any cross-linked servicing fluid that experiences a reduction in viscosity when its 
pH is lowered is suitable for use in the methods of the present invention, including aqueous gels 
and emulsions. Suitable aqueous gels are generally comprised of water and one or more gelling 
agents, while suitable emulsions are generally comprised of two immiscible liquids such as an 
aqueous gelled liquid and a liquefied, normally gaseous, fluid such as nitrogen. 

[015] A variety of viscosifying agents can be used, including hydratable polymers that 
contain one or more functional groups such as hydroxyl, cis-hydroxyl, carboxyl, sulfate, 
sulfonate, amino or amide. Particularly useful are polysaccharides and derivatives thereof that 
contain one or more of the monosaccharide units galactose, mannose, glucoside, glucose, xylose, 
arabinose, fructose, glucuronic acid or pyranosyl sulfate. Examples of natural hydratable 
polymers containing the foregoing functional groups and units that are particularly useful in 
accordance with the present invention include guar gum and derivatives thereof such as 
hydroxypropyl guar and cellulose derivatives, such as hydroxyethyl cellulose. Hydratable 
synthetic polymers and copolymers that contain the above-mentioned functional groups can also 
be used. Examples of such synthetic polymers include, but are not limited to, polyacrylate, 
polymethacrylate, polyacrylamide, polyvinyl alcohol and polyvinylpyrrolidone. The 
viscosifying agent used is generally combined with the water in the fracturing fluid in an amount 
in the range of from about 0.01% to about 2% by weight of the water. 

[016] Cross-linking agents may be used to further increase the viscosity of a servicing 
fluid. Examples of such cross-linking agents include but are not limited to alkali metal borates, 
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borax, boric acid, and compounds that are capable of releasing multivalent metal ions in aqueous 
solutions. Examples of the multivalent metal ions are chromium, zirconium, antimony, titanium, 
iron, zinc or aluminum. When used, the cross-linking agent is generally added to the gelled 
water in an amount in the range of from about 0.01% to about 5% by weight of the water. 

[017] When the acid-releasing degradable materials of the present invention are used 
with servicing fluids that are de-linked in the presence of acid, such as those described in U.S. 
Application Serial No. 10/254,268, the relevant disclosure of which is herein incorporated by 
reference, the treating fluid becomes non-crosslinked below a defined pH and yet the acetal 
linkages which form the crosslinking sites are stable and can be re-crosslinked. In that case, not 
only can the servicing fluid be recovered from a treated subterranean formation by lowering its 
pH in accordance with the present invention, it can later be reused. Examples of crosslinkers that 
break down under reduced pH conditions include, but are not limited to, boric acid, disodium 
octaborate tetrahydrate, sodium diborate and pentaborates, ulexite and colemanite, compounds 
that can supply zirconium IV ions (such as, for example, zirconium lactate, zirconium lactate 
triethanolamine, zirconium carbonate, zirconium acetylacetonate, and zirconium 
diisoproplyamine lactate), and compounds that can supply titanium IV ions (such as, for 
example, titanium ammonium lactate, titanium triethanolamine, titanium acetylacetonate), 
aluminum compounds that can supply aluminum ions (such as, for example, alumimum citrate or 
aluminum lactate). In some embodiments of the present invention, a pH of less than about 9 is 
sufficiently low to cause the servicing fluid to become non-crosslinked and thus effect a 
reduction in the fluid's viscosity. 

[018] Acid-releasing degradable materials that may be used in conjunction with the 
present invention are those materials that are substantially water insoluble such that they degrade 
over time, rather than instantaneously, in an aqueous environment to produce an acid. Examples 
of suitable acid-releasing degradable materials include lactides, poly(lactides) and substituted 
poly (lactides) wherein the substituents include hydrogen, alkyl, aryl, alkylaryl, acetyl, 
heteroatoms and mixtures thereof; glycolides; poly(glycolides); substantially water insoluble 
anhydrides; and poly(anhydrides). 

[019] Materials suitable for use as an acid-releasing degradable material of the present 
invention may be considered degradable if the degradation is due, inter alia, to chemical and/or 
radical process such as hydrolysis, oxidation, or enzymatic decomposition. The degradability of 
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a material depends at least in part on its molecular structure, type of repetitive unit, composition, 
sequence, length, molecular geometry, molecular weight, morphology (e.g., crystallinity, size of 
spherulites, and orientation), hydrophilicity, hydrophobicity, surface area, and additives. Also, 
the environment to which the material is subjected may affect how it degrades, e.g., temperature, 
presence of water, oxygen, microorganisms, enzymes, pH, and the like. 

[020] Blends of certain acid-releasing degradable materials may also be suitable. One 
example of a suitable blend of materials includes a blend of lactide and poly(lactic acid). 

[021] In choosing the appropriate acid-releasing degradable material, one should 
consider the degradation products that will result. Also, these degradation products should not 
adversely affect other operations or components. The choice of degradable material also can 
depend, at least in part, on the conditions of the well, e.g., well bore temperature. For instance, 
lactides have been found to be suitable for lower temperature wells, including those within the 
range of 60°F to 150°F, and polylactide have been found to be suitable for well bore temperatures 
above this range. Generally, smaller molecule acid-releasing degradable materials are suitable 
for use in lower temperature application and larger molecule acid-releasing degradable materials 
are suitable for use in higher-temperature applications. It is within the ability of one skilled in 
the art, with the benefit of this disclosure, to select a suitable acid-releasing degradable material. 

[022] The acid-releasing degradable materials suitable for use in the present invention 
may be added directly to the servicing fluid or, alternatively, they may be dissolved into a 
separate solvent before combination with a servicing fluid. In some embodiments of the present 
invention, particularly those involving subterranean formations having temperatures above about 
250°F, it may be desirable to combine the acid-releasing degradable material with a solvent. 
Suitable such solvents include, but are not limited to acetone, propylene carbonate, 
dipropylglycolmethylether, methylene chloride, isopropyl alcohol, and combinations thereof. 

[023] When used in the present invention, a preferable result is achieved if the 
degradable material degrades slowly over time as opposed to instantaneously. Even more 
preferable results have been obtained when the degradable material does not begin to degrade 
until after the subterranean treatment, such as a fracturing operation, has been substantially 
completed. 

[024] It is within the ability of one skilled in the art, with the benefit of this disclosure, 
to consider the cross-linking agent used to increase the servicing fluid's viscosity and the acid- 
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releasing degradable material chosen and determine the amount of acid-releasing degradable 
material needed to substantially de-link the servicing fluid. 

[025] In some embodiments of methods of the present invention, an acid-releasing 
degradable material that releases an acid over time is combined with a fracturing fluid that is 
used to fracture a subterranean formation. After a desired degree of fracturing, the pH of the 
fracturing fluid is reduced to a level that causes a reduction in the viscosity of the fracturing 
fluid. 

[026] In other embodiments of methods of the present invention, an acid-releasing 
degradable material that releasing an acid over time is combined with a gravel pack transport 
fluid that is used to deliver gravel particles into a well bore to create a gravel pack. After the 
gravel pack is substantially in place, the pH of the delivery fluid is reduced to a level that causes 
a reduction in the viscosity of the delivery fluid. 

[027] To facilitate a better understanding of the present invention, the following 
examples of preferred embodiments are given. In no way should the following examples be read 
to limit the scope of the invention. 

EXAMPLES 
Example 1 

[028] A one-liter sample of base gel was prepared by adding 155 cc of guar 
micropolymer concentrate to 845 cc of water. The base gel viscosity was found to be 12.65 cP at 
75°F. A number of samples were prepared by mixing 250 cc of base gel, 0.7 cc of 25% NaOH 
solution, 120 g 20/40 fracturing sand, and 0.875 g borate crosslinker. Next, 1.25 g of lactide was 
added to each sample and the pH was monitored over time. The results of the test are shown in 



Table 1: 



Time 


pH without 


pHwith 1.25 g 


(min) 


lactide 


lactide 


0 


9.9 


9.8 


30 


9.8 


8.8 


45 


9.8 


8.7 


70 


9.8 


8.5 


90 


9.8 


8.4 


180 


9.8 


8.1 
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[029] The uncrosslinking of the fluid will occur about a pH of 8.5, thus, Table 1 shows 
that lactide was able to provide the needed, controlled reduction of pH to uncrosslink the gel. 



Example 2 

[030] A one-liter sample of base gel was prepared by adding 148 cc of guar 
micropolymer concentrate to 852 cc of water. The base gel viscosity was found to be 1 1 .7 cP at 
75°F. A number of samples were prepared by mixing 250 cc of base gel, 0.8 cc of 25% NaOH 
solution, 0.75 cc borate crosslinker solution, and 1 g lactide. 



Tal 


ble 1: 


Time 
(min) 


Viscosity 

(CP) ' 


10 


>2000 


20 


1270 


30 


810 


40 


610 


50 


190 


60 


105 


70 


55 



[031] Table 2 clearly shows that a lactide can be used to substantially lower the 
viscosity of the fracturing fluid in a relatively short amount of time. 

[032] Therefore, the present invention is well-adapted to carry out the objects and attain 
the ends and advantages mentioned as well as those that are inherent therein. While numerous 
changes may be made by those skilled in the art, such changes are encompassed within the spirit 
and scope of this invention as defined by the appended claims. 
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